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$GYDQFHVLQHOHFWURQFKDQQHOOLQJFRQWUDVWLPDJLQJDQG
HOHFWURQEDFNVFDWWHUGLIIUDFWLRQIRULPDJLQJDQGDQDO\VLVRI
VWUXFWXUDOGHIHFWVLQWKHVFDQQLQJHOHFWURQPLFURVFRSH
&7UDJHU&RZDQ$$ODVPDUL:$YLV-%UXFNEDXHU35(GZDUGV
%+RXUDKLQH6.UDHXVHO*.XVFK%0-DEORQ5-RKQVWRQ5:0DUWLQ
50F'HUPRWW*1DUHVK.XPDU01RXI$OOHKLDQL(3DVFDO'7KRPVRQ
69HVSXFFL.0LQJDUG3-3DUEURRN0'6PLWK-(QVOLQ)0HKQNH
0.QHLVVO&.XKQ7:HUQLFNH$.QDXHU6+DJHGRUQ6:DOGH
0:H\HUV30&RXORQ3$6KLHOGV<=KDQJ/-LX<*RQJ506PLWK
7:DQJDQG$:LQNHOPDQQ
8QLYHUVLW\RI6WUDWKFO\GH'HSDUWPHQWRI3K\VLFV683$*ODVJRZ*1*
*UHDW%ULWDLQ
1DWLRQDO3K\VLFV/DERUDWRU\7HGGLQJWRQ7:/:*UHDW%ULWDLQ
8QLYHUVLW\&ROOHJH&RUN7\QGDOO1DWLRQDO,QVWLWXWH&RUN75&3,UHODQG
7HFKQLVFKH8QLYHUVLWlW%HUOLQ,QVWLWXWIU)HVWN|USHUSK\VLN%HUOLQ*HUPDQ\
/HLEQL],QVWLWXWIU+|FKVWIUHTXHQ]WHFKQLN)HUGLQDQG%UDXQ,QVWLWXW%HUOLQ
*HUPDQ\
8QLYHUVLW\RI%DWK'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ%DWK
%$$<*UHDW%ULWDLQ
8QLYHUVLW\RI6KHIILHOG'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ
6KHIILHOG6-'*UHDW%ULWDLQ
$*+8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\$FDGHPLF&HQWUHIRU0DWHULDOVDQG
1DQRWHFKQRORJ\$&0L1.UDNRZ3RODQG

(PDLOFWUDJHUFRZDQ#VWUDWKDFXN
$EVWUDFW  ,Q WKLVDUWLFOHZHGHVFULEH WKHVFDQQLQJHOHFWURQPLFURVFRS\6(0WHFKQLTXHVRI
HOHFWURQFKDQQHOOLQJFRQWUDVW LPDJLQJDQGHOHFWURQEDFNVFDWWHUGLIIUDFWLRQ 7KHVH WHFKQLTXHV
SURYLGH LQIRUPDWLRQ RQ FU\VWDO VWUXFWXUH FU\VWDO PLVRULHQWDWLRQ JUDLQ ERXQGDULHV VWUDLQ DQG
VWUXFWXUDOGHIHFWVRQ OHQJWKVFDOHVIURPWHQVRIQDQRPHWUHV WR WHQVRIPLFURPHWUHV +HUHZH
UHSRUWRQWKHLPDJLQJDQGDQDO\VLVRIGLVORFDWLRQVDQGVXEJUDLQVLQQLWULGHVHPLFRQGXFWRUWKLQ
ILOPV*D1DQG$O1DQGWXQJVWHQFDUELGHFREDOW:&&RKDUGPHWDOV2XUDLPLVWRLOOXVWUDWH
WKHFDSDELOLW\RIWKHVHWHFKQLTXHVIRULQYHVWLJDWLQJVWUXFWXUDOGHIHFWVLQWKH6(0DQGWKHEHQHILWV
RIFRPELQLQJWKHVHGLIIUDFWLRQEDVHGLPDJLQJWHFKQLTXHV
,QWURGXFWLRQ
7KHVFDQQLQJHOHFWURQPLFURVFRSH6(0LVDYHU\SRZHUIXOWRROIRULQYHVWLJDWLQJDQGLPDJLQJDZLGH
UDQJH RI PDWHULDO SURSHUWLHV VSDQQLQJ WRSRJUDSK\ VWUXFWXUH FRPSRVLWLRQ DQG OLJKW HPLVVLRQ >@
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6(0VDUHH[WHQVLYHO\XVHGIRULPDJLQJWRSRJUDSK\E\PRQLWRULQJWKHLQWHQVLW\RIVHFRQGDU\HOHFWURQV
DVDIRFXVVHGHOHFWURQEHDPZLWKDQHQHUJ\LQWKHUDQJHRIH9WRNH9LVUDVWHUHGRYHUWKHVXUIDFH
RIDVDPSOH/HVVZHOONQRZQDUHWKHWHFKQLTXHVRIHOHFWURQFKDQQHOOLQJFRQWUDVWLPDJLQJ(&&,>@
DQG HOHFWURQ EDFNVFDWWHU GLIIUDFWLRQ (%6' > @ ZKLFK H[SORLW GLIIUDFWLRQ WR SURYLGH
LQIRUPDWLRQRQFU\VWDOVWUXFWXUHFU\VWDOPLVRULHQWDWLRQJUDLQERXQGDULHVVWUDLQDQGVWUXFWXUDOGHIHFWV
VXFKDVGLVORFDWLRQVDQGVWDFNLQJIDXOWV+HUHZHSURYLGHDQRYHUYLHZRIWKHVHWHFKQLTXHVDQGLOOXVWUDWH
WKHLUDSSOLFDWLRQE\GHVFULELQJVRPHRIRXUUHFHQWLQYHVWLJDWLRQVRIWKHVWUXFWXUDOSURSHUWLHVRIQLWULGH
VHPLFRQGXFWRUWKLQILOPV*D1DQG$O1DQG:&&RKDUGPHWDOV
7RFDUU\RXWRXUPHDVXUHPHQWVZHXVHDUDQJHRI6(0VHTXLSSHGZLWKERWKFRPPHUFLDODQGEHVSRNH
GHWHFWLRQV\VWHPV,QWKHZRUNUHSRUWHGKHUHZHKDYHXVHGDQ)(,6LULRQ6FKRWWN\ILHOGHPLVVLRQ
JXQ6(06LULRQ6(0HTXLSSHGZLWKDQLQKRXVHGHYHORSHG(&&,V\VWHP:HKDYHDOVRXVHGDQ)(,
4XDQWD6FKRWWN\ILHOGHPLVVLRQJXQHQYLURQPHQWDOYDULDEOHSUHVVXUH6(04XDQWD6(0HTXLSSHG
ZLWK JDVHRXV HOHFWURQ GHWHFWRUV IRU HOHFWURQ GHWHFWLRQ ZKHQ WKH 6(0 LV XVHG LQ ORZ YDFXXP RU
HQYLURQPHQWDOPRGHV7KH4XDQWD6(0LVDOVRHTXLSSHGZLWKDQ2[IRUG,QVWUXPHQWV1RUGO\V(%6'
GHWHFWRUDQGIRUHVFDWWHUGLRGHVIRU(%6'DQG(&&,PHDVXUHPHQWVUHVSHFWLYHO\7KHDELOLW\WRYDU\WKH
FKDPEHUSUHVVXUHLQWKH4XDQWD6(0DOORZVWKHGLVVLSDWLRQRIFKDUJHDQGWKHUHIRUHLPDJLQJRIKLJK
UHVLVWLYLW\PDWHULDOVVXFKDV$O1

  7KH HOHFWURQ EDFNVFDWWHU GLIIUDFWLRQ (%6' DQG HOHFWURQ FKDQQHOOLQJ FRQWUDVW LPDJLQJ
WHFKQLTXHV(&&,
(&&,DQG(%6'ERWKH[SORLWGLIIUDFWLRQWRUHYHDOWKHVWUXFWXUDOSURSHUWLHVRIWKHFU\VWDOOLQHPDWHULDO
XQGHULQYHVWLJDWLRQ)RU(&&,LWLVGLIIUDFWLRQRIWKHLQFLGHQWEHDPZKLFKSURYLGHVWKHJUHDWHVWFRQWUDVW
LQWKHUHVXOWDQWLPDJHVZKLOHIRU(%6'LWLVGLIIUDFWLRQRIEDFNVFDWWHUHGHOHFWURQVZKLFKSURYLGHWKH
FU\VWDOORJUDSKLFLQIRUPDWLRQ7KHVSDWLDODQGGHSWKUHVROXWLRQRIERWKWHFKQLTXHVLVRIWKHRUGHURIWHQV
RI QDQRPHWUHV  )RU VXFFHVVIXO LPDJLQJ XVLQJ HLWKHU (&&, RU (%6' WKH VDPSOH QHHGV WR KDYH
DUHDVRQDEO\VPRRWKDQGFOHDQVXUIDFH)RUWKHLPDJLQJRIPHWDOVXUIDFHVRUWKHVXUIDFHVRIJHRORJLFDO
VSHFLPHQVWKLVXVXDOO\UHTXLUHVFDUHIXOVDPSOHSROLVKLQJWRSURGXFHDKLJKTXDOLW\VXUIDFH>@WKLVLV
DOVRWKHFDVHIRUVHPLFRQGXFWRUZDIHUVFXWIURPEXONFU\VWDOV+RZHYHUIRUPRVWHSLWD[LDOO\JURZQ
VHPLFRQGXFWRUWKLQILOPVQRVXUIDFHSUHSDUDWLRQLVUHTXLUHG

2.1.  Electron channelling contrast imaging (ECCI) 
(&&,PLFURJUDSKVPD\EHSURGXFHGZKHQDVDPSOHLVSODFHGVRWKDWDSODQHRUSODQHVDUHDWRUFORVH
WR WKH %UDJJ DQJOH ZLWK UHVSHFW WR WKH LQFLGHQW HOHFWURQ EHDP  $Q\ GHYLDWLRQ LQ FU\VWDOORJUDSKLF
RULHQWDWLRQRULQODWWLFHFRQVWDQWGXHWRORFDOVWUDLQZLOOSURGXFHDYDULDWLRQLQFRQWUDVWLQWKHUHVXOWDQW
(&&, PLFURJUDSK  7KH PLFURJUDSK LV FRQVWUXFWHG E\ PRQLWRULQJ WKH LQWHQVLW\ RI EDFNVFDWWHUHG RU
IRUHVFDWWHUHGHOHFWURQVDVWKHHOHFWURQEHDPLVVFDQQHGRYHUWKHVDPSOH([WUHPHO\VPDOOFKDQJHVLQ
RULHQWDWLRQDQGVWUDLQDUHGHWHFWDEOHUHYHDOLQJIRUH[DPSOHORZDQJOHWLOWDQGURWDWLRQERXQGDULHVDQG
DWRPLF VWHSV  ([WHQGHG GHIHFWV VXFK DV GLVORFDWLRQV DQG VWDFNLQJ IDXOWV PD\ DOVR EH LPDJHG
>@  7KH FRQGLWLRQV UHTXLUHG WR UHVROYH LQGLYLGXDO GLVORFDWLRQV LQ DQ HOHFWURQ FKDQQHOOLQJ
FRQWUDVWLPDJHDUHTXLWHVWULQJHQWDQHOHFWURQEHDPZLWKDVPDOOVSRWVL]HQDQRPHWUHVKLJKEULJKWQHVV
QDQRDPSVRUKLJKHUDQGORZGLYHUJHQFHDIHZPUDGLVUHTXLUHG>@6XFKFRQGLWLRQVDUHPHWLQ
DILHOGHPLVVLRQJXQ6(07KH(&&,PLFURJUDSKVVKRZQLQWKLVSDSHUZHUHDFTXLUHGDWNH9
DQG ZH VKRZ (&&, PLFURJUDSKV ZKHUH GLVORFDWLRQV RI RUGHU  QP DSDUW FDQ EH UHVROYHG  (&&,
PLFURJUDSKVFDQEHDFTXLUHGDWORZHUHOHFWURQEHDPHQHUJLHVIRUH[DPSOHVHHUHIV>@DQG>@,Q
UHI >@ WKH VPDOOHVW VL]HRI WKH LQYHVWLJDWHG'VWUXFWXUHV UHYHDOHG LQ WKHLU(&&,PLFURJUDSKVZDV
QP :KLOH(&&,LVDQH[FHOOHQW WHFKQLTXHIRUUHYHDOLQJDQGTXDQWLI\LQJGHIHFWVZKLFKUHDFKWKH
VXUIDFHDQGZHVKRZVRPHH[DPSOHUHVXOWVLQVHFWLRQVDQGLWLVKDUGHUWRTXDQWLI\GLVORFDWLRQV
EHORZWKHVXUIDFHGXHWRWKHVXUIDFHVHQVLWLYLW\RIWKH(&&,WHFKQLTXHDQGWKHGLIILFXOW\LQGHWHUPLQLQJ
LWVSUHFLVHVDPSOLQJGHSWK6RPHFRQWURORIWKHVDPSOLQJGHSWKFDQEHDFKLHYHGE\FKDQJLQJWKHHOHFWURQ
EHDPHQHUJ\,WLVSRVVLEOHWRREWDLQTXDQWLWDWLYHGDWDRQGLVORFDWLRQVZKLFKOLHEHORZWKHVXUIDFHDV
 
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6DPSOHLQFOLQHGE\
DIHZGHJUHHVWR§
^D
ƉŽůĞƉŝĞĐĞƐ
%6(GHWHFWRUXQGHU
SROHSLHFHV LQFOLQHGVDPSOH
LQFLGHQWEHDP
GHWHFWRU
у ? ? ? ? ? ? ?
LOOXVWUDWHGIRUH[DPSOHE\WKHSDSHUE\&DUQHYDOHet al.>@RQPLVILWGLVORFDWLRQVLQ*D37KH\ZHUH
DEOHWRLPDJHGLVORFDWLRQVO\LQJDWXSWRDURXQGQPIURPWKHVXUIDFHZKHUHWKH\DFTXLUHG(&&,
PLFURJUDSKVDWDEHDPHQHUJ\RINH9LQWKHEDFNVFDWWHUJHRPHWU\VHHGLVFXVVLRQEHORZ
)LJXUHLOOXVWUDWHVWKHWZRJHRPHWULHVQDPHO\WKHEDFNVFDWWHUDQGIRUHVFDWWHUJHRPHWULHVZKLFKDUH
XVHG WR DFTXLUH(&&, PLFURJUDSKV 7KHEDFNVFDWWHU JHRPHWU\ )LJ DKDV WKH DGYDQWDJH WKDW WKLV
JHRPHWU\GRHVQRWUHTXLUHDKLJKWLOWRIWKHVDPSOHDQGWKHUHIRUHDVLJQLILFDQWFRUUHFWLRQRIWKHLPDJH
WRDFFRXQWIRUWLOWLVQRWUHTXLUHG7KLVJHRPHWU\DOVRDOORZVWKHHDVLHVWLPDJLQJRIODUJHVDPSOHVIRU
H[DPSOHIXOOVHPLFRQGXFWRUZDIHUV7KHIRUHVFDWWHUJHRPHWU\)LJEKDVWKHDGYDQWDJHWKDWLPDJHV
H[KLELWEHWWHUVLJQDOWRQRLVHFRPSDUHGWRWKHEDFNVFDWWHUJHRPHWU\GXHWRWKHLQFUHDVHLQLQWHQVLW\RI
EDFNVFDWWHUHG HOHFWURQV  7KH GHWHFWRU XVHG WR GHWHFW WKH EDFNVFDWWHUHG HOHFWURQV LV JHQHUDOO\ DQ
HOHFWURQVHQVLWLYHGLRGH.H\WRWKHDFTXLVLWLRQRIJRRGTXDOLW\(&&,PLFURJUDSKVLVWKHXVHRIDJRRG
DPSOLILFDWLRQV\VWHP$QDPSOLILHUZLWKDODUJH'&RIIVHWDQGKLJKVPDOOVLJQDOJDLQJUHDWO\IDFLOLWDWHV
WKHDFTXLVLWLRQRI(&&,PLFURJUDSKV













  D        E
)LJXUH   ,OOXVWUDWLQJ WKH D EDFNVFDWWHU DQG E IRUHVFDWWHU JHRPHWULHV IRU DFTXLVLWLRQ RI (&&,
PLFURJUDSKV>UHSURGXFHGIURP@


2.2.  Electron backscatter diffraction (EBSD) 
,Q(%6'WKHVDPSOHLVWLOWHGDWDURXQGWRWKHQRUPDORIWKHLQFLGHQWHOHFWURQEHDP7KHLPSLQJLQJ
HOHFWURQVDUHVFDWWHUHGLQHODVWLFDOO\WKURXJKKLJKDQJOHVIRUPLQJDGLYHUJLQJVRXUFHRIHOHFWURQVZKLFK
FDQ EH GLIIUDFWHG  7KH UHVXOWDQW HOHFWURQ EDFNVFDWWHU SDWWHUQ (%63 FRQVLVWV RI D ODUJH QXPEHU RI
RYHUODSSLQJEDQGVNQRZQDV.LNXFKLEDQGVZKLFKDUHFORVHO\UHODWHGWRD'SURMHFWLRQRIWKHFU\VWDO
VWUXFWXUHZKHUHHDFK.LNXFKLEDQGFRUUHVSRQGVWRDVHWRISODQHVDVLOOXVWUDWHGLQ)LJE(%63VDUH
JHQHUDOO\GHWHFWHGE\DQHOHFWURQVHQVLWLYHSKRVSKRURUVFLQWLOODWRUVFUHHQDQGDFKDUJHFRXSOHGGHYLFH
&&'RUFRPSOHPHQWDU\PHWDOR[LGHVHPLFRQGXFWRU&026FDPHUD>@VHH)LJDDOWKRXJKWKHUH
KDYHEHHQUHFHQWGHYHORSPHQWVRIGLUHFWHOHFWURQFDPHUDV>@7KH(%63VKRZQLQ)LJEZDV
DFTXLUHGDWNH9IURPD6LVDPSOHXVLQJHQHUJ\ILOWHUHGGLUHFWHOHFWURQGHWHFWLRQZLWKDFROOHFWLRQ
DQJOHRI§'LUHFWHOHFWURQGHWHFWLRQDOORZVKLJKTXDOLW\(%63VWREHDFTXLUHGDWORZHOHFWURQEHDP
HQHUJLHVDQGSDWWHUQDFTXLVLWLRQGRZQWRNH9LVDFKLHYDEOH>@(%6'LVDZHOOHVWDEOLVKHGWHFKQLTXH
IRU WH[WXUH DQDO\VLV DQG IRU TXDQWLI\LQJ JUDLQ ERXQGDULHV DQG FU\VWDO SKDVHV > @
7KHLQWURGXFWLRQRIFURVVFRUUHODWLRQEDVHGDQDO\VLVRI(%63VKDVDOVRPDGHSRVVLEOHPHDVXUHPHQWVRI
UHODWLYHVWUDLQJHRPHWULFDOO\QHFHVVDU\GLVORFDWLRQVDQGODWWLFHWLOWDQGWZLVW>@DQWLSKDVHGRPDLQV
>@DQGFU\VWDOSRODULW\>@



 
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3KRVSKRUVFUHHQ
(OHFWURQ
JXQ
'LIIUDFWLRQ
FRQHV
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EHDP















  D       E
)LJXUH   D ,OOXVWUDWLRQ RI WKH (%6' GHWHFWLRQ JHRPHWU\ DQG D FRQYHQWLRQDO (%6' GHWHFWRU DQG
EDQ(%63IURP6LDFTXLUHGDWDQHQHUJ\RINH9ZLWKDFROOHFWLRQDQJOHRI§7KHUHGOLQHV
RXWOLQH .LNXFKL EDQGV FRUUHVSRQGLQJ WR ^` SODQHV WKH EOXH OLQHV RXWOLQH .LNXFKL EDQGV
FRUUHVSRQGLQJ WR ^` SODQHV  $GDSWHG IURP >@ XQGHU &UHDWLYH &RPPRQV $WWULEXWLRQ && %<
OLFHQVHKWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\


([DPSOHUHVXOWV

3.1.  The use of ECCI to image sub-grains and dislocations in a GaN thin film 
)LJXUHDVKRZVDQ(&&,PLFURJUDSKRID*D1WKLQILOPJURZQRQcSODQHVDSSKLUHE\PHWDORUJDQLF
YDSRXUSKDVHHSLWD[\0293(7KH(&&,PLFURJUDSKZDVDFTXLUHGDWDQHOHFWURQEHDPHQHUJ\RI
NH9 LQ WKH IRUHVFDWWHU JHRPHWU\ LQ WKH 6LULRQ 6(0  7KH YDULDWLRQ LQ JUH\ VFDOH LQ WKH (&&,
PLFURJUDSK LV D UHVXOW RI VPDOO GLIIHUHQFHV LQ RULHQWDWLRQ RI VXEJUDLQV LQ WKH WKLQ ILOP  7KLV LV
KLJKOLJKWHGLQWKHSVHXGRFRORXULPDJHLQ)LJE 7KH³VSRWV´LQWKHLPDJHPRVWRIZKLFKH[KLELW
DEODFNZKLWHFRQWUDVWVHHLQVHWRI)LJDIRUH[DPSOHDUHWKUHDGLQJGLVORFDWLRQVWKDWLVGLVORFDWLRQV
ZKLFKWKUHDGWKURXJKWKHWKLQILOPWRWKHVXUIDFHDQGDUHFDXVHGE\WKHJURZWKRQWKHODWWLFHPLVPDWFKHG
VDSSKLUHVXEVWUDWH7KHWKUHDGLQJGLVORFDWLRQVSURSDJDWHWRWKHVXUIDFHRIWKHVDPSOHDQGDUHUHYHDOHG
GXHWRDVVRFLDWHGVWUDLQILHOGV>@)RUWKLV*D1WKLQILOPWKHDYHUDJHWKUHDGLQJGLVORFDWLRQGHQVLW\ZDV
GHWHUPLQHGWREH§îFP$ODUJHQXPEHURIWKHWKUHDGLQJGLVORFDWLRQVDUHVHHQWROLHRQVXEJUDLQ
ERXQGDULHV  1RWH WKDW LQ RUGHU WR UHYHDO DOO PLVRULHQWDWLRQV DQG WKXV DOO WKH VXEJUDLQ ERXQGDULHV
DQXPEHU RI (&&, PLFURJUDSKV QHHG WR EH DFTXLUHG XQGHU D UDQJH RI GLIIUDFWLRQ FRQGLWLRQV >@
7RVHOHFWDSDUWLFXODUGLIIUDFWLRQFRQGLWLRQWKDWLVWRVHOHFWWKHSODQHRUSODQHVIURPZKLFKWKHLQFLGHQW
HOHFWURQEHDPZLOOEHGLIIUDFWHGXVXDOO\UHIHUUHGWRDVVHOHFWLQJWKHJYHFWRULWLVQHFHVVDU\WRDFTXLUH
DQHOHFWURQFKDQQHOOLQJSDWWHUQ(&37KLVLVGLVFXVVHGLQ6HFWLRQ:KLOHWKHFRQWUDVWLQWKH(&&,
PLFURJUDSKUHYHDOVWKHSUHVHQFHRIVXEJUDLQVLWGRHVQRWSURYLGHDQ\TXDQWLWDWLYHLQIRUPDWLRQRQWKHLU
RULHQWDWLRQ7KHPDJQLWXGHDQGGLUHFWLRQRIPLVRULHQWDWLRQFDQEHPHDVXUHGE\(%6'DQGDQ(%6'
VWXG\RIVXEJUDLQRULHQWDWLRQVIRUDQ$O1WKLQILOPLVSUHVHQWHGLQ6HFWLRQ

3.2.  Selection/determination of the diffraction condition for ECCI, acquiring ECPs 
$Q(&3LVREWDLQHGZKHQFKDQJHVLQWKHEDFNVFDWWHUHGHOHFWURQLQWHQVLW\DUHUHFRUGHGDVWKHDQJOHRI
WKHLQFLGHQWHOHFWURQEHDPLVFKDQJHGUHODWLYHWRWKHVXUIDFHRIDVLQJOHFU\VWDODUHDRIWKHVDPSOH:KHQ
WKHEHDPFKDQJHVLWVDQJOHZLWKUHVSHFWWRWKHVDPSOHGLIIHUHQWSODQHVRIWKHFU\VWDOVDWLVI\WKH%UDJJ
FRQGLWLRQJLYLQJULVHWRWKHDSSHDUDQFHRIRYHUODSSLQJ.LNXFKLEDQGVVXSHULPSRVHGRQWKHLPDJHRIWKH
 
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)LJXUH   (&&, PLFURJUDSK IURP D *D1 WKLQ ILOP SUHVHQWHG DV D D JUH\ VFDOH LPDJH DQG
EDSVHXGRFRORXULPDJH


VDPSOHDQ(&3IURPD*D1WKLQILOPLVVKRZQLQ)LJ7KH(&3OLNHDQ(%63WKHWZRDUHUHODWHG
E\UHFLSURFLW\LVFORVHO\UHODWHGWRWKH'SURMHFWLRQRIWKHFU\VWDOVWUXFWXUHZLWKWKH.LNXFKLEDQGV
FRUUHVSRQGLQJWRGLIIHUHQWSODQHVLQWKHFU\VWDO&RPSDULQJWKH(&3ZLWKNLQHPDWLFDODQGRUG\QDPLFDO
HOHFWURQ GLIIUDFWLRQ VLPXODWLRQV DOORZV WKH SDWWHUQ WR EH LQGH[HG LH WKH SODQHV LQ WKH (&3 FDQ EH
LGHQWLILHG,QWKLVFDVH)LJDVKRZVDG\QDPLFDOVLPXODWLRQ>@DQGLOOXVWUDWHVWKHGHWDLODFKLHYDEOH
LQVXFKVLPXODWLRQVVXFKGHWDLOFDQJUHDWO\IDFLOLWDWHWKHLQGH[LQJRIWKH(&3)LJXUHFLVDNLQHPDWLFDO
VLPXODWLRQSURGXFHGZLWK(635,7'<1$0,&6%UXNHU1DQRVRIWZDUHDQGLVLQFOXGHGWRKLJKOLJKWWKH
LQGLFHVRIVRPHRIWKHSODQHVJLYLQJULVHWRWKH.LNXFKLEDQGVREVHUYHGLQWKH(&37KHSODQHRUSODQHV
ZKLFKLQWHUVHFWWKHFHQWUHRIWKH(&3XVXDOO\UHIHUUHGWRDVWKHSDWWHUQFHQWUH3&DUHWKRVHIURPZKLFK
WKHLQFLGHQWHOHFWURQEHDPLVGLIIUDFWHG,QWKHH[DPSOHVKRZQLQ)LJWKHLQFLGHQWHOHFWURQEHDPZDV
GLIIUDFWHGIURPRQHRIWKH^`SODQHVVRWKHJYHFWRULVRQHRI^`
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)LJXUH D'\QDPLFDOVLPXODWLRQRIDQHOHFWURQFKDQQHOOLQJSDWWHUQ(&3IURPD*D1WKLQILOP
(OHFWURQEHDPHQHUJ\LVNH9VDPSOHWLOW§E([SHULPHQWDO(&37KHEOXHFURVVPDUNVWKH
SDWWHUQ FHQWUH 3&  F .LQHPDWLFDO VLPXODWLRQ RI WKH (&3 ZLWK VRPH LQGH[HG SODQHV KLJKOLJKWHG
SURGXFHGZLWK(635,7'<1$0,&6%UXNHU1DQRVRIWZDUH,QWKLVFDVHWKH3&LQWHUVHFWVZLWKWKH
HGJHRQHRIWKH^`.LNXFKLEDQGVVRWKHJYHFWRULVRQHRI^`>5HSURGXFHGIURP@
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$Q (&3 PD\ EH REWDLQHG E\ DFTXLULQJ D EDFNVFDWWHUHG LPDJH DW ORZ PDJQLILFDWLRQ  $W ORZ
PDJQLILFDWLRQDVWKHEHDPLVVFDQQHGRYHUWKHVDPSOHLWFKDQJHVLWVDQJOHZLWKUHVSHFWWRWKHVXUIDFH
RIWKHVDPSOHLQRXUFDVHIRURXU6LULRQ6(0WKLVLVE\DURXQGOHDGLQJWRWKHIRUPDWLRQRIDQ
(&3>@1RWHWKDWWKLVPHWKRGRIDFTXLULQJDQ(&3LVRQO\SRVVLEOHLIWKHVFDQQHGDUHDRIWKHVDPSOH
RIRUGHUPPuPPLQVL]HLVVPRRWKDQGDOORIWKHVDPHFU\VWDOORJUDSKLFRULHQWDWLRQ$Q(&&,
PLFURJUDSK LV REWDLQHG RQ ]RRPLQJ LQ RQ WKH 3& E\ LQFUHDVLQJ WKH PDJQLILFDWLRQ  $W KLJKHU
PDJQLILFDWLRQWKHEHDPKDVDIL[HGDQJOHZLWKUHVSHFWWRWKHVDPSOHVXUIDFHDVWKHEHDPLVVFDQQHG7KH
UHVXOWDQW(&&,PLFURJUDSKZLOOUHYHDODQ\GHIHFWVZKLFKGLVWRUWWKHSODQHRUSODQHVZKLFKFRUUHVSRQG
WRWKH.LNXFKLEDQGVLQWHUVHFWLQJWKH3&$OWHUQDWLYHO\LIµEHDPURFNLQJ¶HOHFWURQRSWLFVDUHDYDLODEOH
LQWKH6(0WKHDQJOHRIWKHEHDPZLWKUHVSHFWWRWKHVDPSOHFDQEHFKDQJHGRYHUDPXFKVPDOOHUVXUIDFH
DUHD6HOHFWHGDUHD(&3VUHIHUUHGWRDV6$(&36RU6$&3VFDQEHDFTXLUHGIURPDUHDVUDQJLQJIURP
PuPGRZQWRRIRUGHUQPuQPLQVL]H>@:KLOHDORWRIXVHIXOLQIRUPDWLRQFDQ
EHREWDLQHGIURP(&&,ZLWKRXWWKHDFTXLVLWLRQRI(&3VWKHDELOLW\WRDFTXLUH(&3VPDNHV(&&,IDU
PRUH SRZHUIXO DQG HDVLHU WR XVH LQ SDUWLFXODU ZKHQ LW LV DSSOLHG WR WKH LGHQWLILFDWLRQ RI XQNQRZQ
H[WHQGHGGHIHFWVVXFKDVGLVORFDWLRQVDQGVWDFNLQJIDXOWV

3.3.  The use of ECCI and EBSD to investigate sub-grains and dislocations in a c-plane AlN thin film 
)LJXUHVKRZV(&&,PLFURJUDSKVDQG(%6'PDSVIURPDcSODQH$O1WKLQILOPRYHUJURZQE\0293(
RQDQDQRSDWWHUQHGVDSSKLUHVXEVWUDWHQ366)RUWKLVVDPSOHWKHVDSSKLUHVXEVWUDWHKDVDRIIFXW
WRZDUGV WKH VDSSKLUH mSODQH  7KH H[SHULPHQWV ZHUH SHUIRUPHG LQ WKH 4XDQWD 6(0 RSHUDWHG LQ
ORZYDFXXPPRGHPEDUWRDYRLGFKDUJLQJRIWKHLQVXODWLQJ$O1VDPSOH

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
)LJXUH (&&,PLFURJUDSKVDQG(%6'PDSVIURPDcSODQH$O1WKLQILOP D(&&,PLFURJUDSK
DFTXLUHGDWDQHOHFWURQEHDPHQHUJ\RINH9UHYHDOLQJVXEJUDLQV7KHLQVHWVKRZVDKLJKHUUHVROXWLRQ
(&&,PLFURJUDSKUHYHDOLQJWKUHDGLQJGLVORFDWLRQV³VSRWV´H[KLELWLQJEODFNZKLWHFRQWUDVWE*UDLQ
UHIHUHQFHRULHQWDWLRQGHYLDWLRQ*52'PDSDQGF*52'zURWDWLRQPDSZKHUHWKHFRORXUVGHQRWH
GLUHFWLRQRIURWDWLRQDURXQGWKHcD[LV7KHUHGUHJLRQVDUHURWDWHGLQWKHRSSRVLWHGLUHFWLRQWRWKHEOXH
UHJLRQVDVLQGLFDWHGE\WKHEOXHDQGUHGKH[DJRQV7KH*52'DQG*52'zURWDWLRQPDSVZHUHGHULYHG
IURP(%6'GDWDDFTXLUHGDWNH91RWHWKDWWKH(&&,PLFURJUDSKDQG(%6'PDSVZHUHDFTXLUHG
IURPWKHVDPHVDPSOHEXWQRWIURPWKHVDPHDUHDRIWKHVDPSOH$GDSWHGIURP>@XQGHU&UHDWLYH
&RPPRQV$WWULEXWLRQ&&%<OLFHQVHKWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\


7KH FRQWUDVW LQ WKH(&&,PLFURJUDSKRI)LJ D LV D UHVXOW RI VPDOO GLIIHUHQFHV LQRULHQWDWLRQRI
VXEJUDLQV LQ WKH WKLQ ILOP 7KH LQVHW VKRZVDKLJKHU UHVROXWLRQ(&&, PLFURJUDSKZKHUH WKUHDGLQJ
GLVORFDWLRQVSURSDJDWLQJWRWKHVXUIDFHRIWKHVDPSOHDUHUHYHDOHGWKHWKUHDGLQJGLVORFDWLRQGHQVLW\ZDV
GHWHUPLQHGWREHuFP$VLJQLILFDQWQXPEHURIWKHWKUHDGLQJGLVORFDWLRQVDUHORFDWHGRQWKH
VXEJUDLQERXQGDULHV$VVWDWHGSUHYLRXVO\LQ6HFWLRQZKLOH(&&,UHYHDOVGLIIHUHQFHVLQRULHQWDWLRQ
EHWZHHQ VXEJUDLQV LW GRHV QRW SURYLGH D PHDVXUH RI WKH PDJQLWXGHV DQG GLUHFWLRQV RI WKHVH
 
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 ?

 ?


 ?
'HJUHHV
PLVRULHQWDWLRQV)LJXUHEVKRZVDJUDLQUHIHUHQFHRULHQWDWLRQGHYLDWLRQ*52'PDSWKHGHYLDWLRQRI
RULHQWDWLRQRIWKHVXEJUDLQVUHODWLYHWRDUHIHUHQFHRULHQWDWLRQ>@,QWKLVFDVHWKHUHIHUHQFHRULHQWDWLRQ
LVWKHcGLUHFWLRQWKDWLVWKH>@GLUHFWLRQ7KH*52'PDSZDVSURGXFHGIURP(%6'GDWDXVLQJ
07(; >@  7KH ILUVW VWHS RI WKH DQDO\VLV LQYROYHG FRPSDULVRQ RI HDFK (%63 ZLWK G\QDPLFDO
VLPXODWLRQV>@ 7KLVSDWWHUQPDWFKLQJDSSURDFKZDVXVHGLQ WKH(%6'DQDO\VLVDV LWVXEVWDQWLDOO\
LPSURYHVRULHQWDWLRQSUHFLVLRQ>@)LJXUHFLVD*52'zURWDWLRQPDSVKRZLQJWKHURWDWLRQRIWKH
VXEJUDLQVZLWKUHVSHFWWRWKHQRPLQDOVDPSOHQRUPDOLHDURXQGWKHcD[LV7KHFRORXUVEOXHDQGUHG
GHQRWHWKHGLUHFWLRQRIWKLVLQSODQHURWDWLRQ7KHUHGUHJLRQVDUHURWDWHGLQWKHRSSRVLWHGLUHFWLRQWRWKH
EOXHUHJLRQV
7KHUHVXOWVSUHVHQWHGDERYHLOOXVWUDWHKRZ(&&,DQG(%6'FDQSURYLGHFRPSOHPHQWDU\VWUXFWXUDO
LQIRUPDWLRQ(&&,DOORZVIDVWGHWHUPLQDWLRQRIGLVORFDWLRQGHQVLWLHVDQGWKHLUGLVWULEXWLRQDQGUHYHDOV
WKHSUHVHQFHRIVXEJUDLQV)LJXUHDQGLWVLQVHWHDFKWRRNDURXQGPLQXWHVRIGLUHFWDFTXLVLWLRQ
(%6'SURYLGHVTXDQWLWDWLYHLQIRUPDWLRQRQWKHPDJQLWXGHDQGGLUHFWLRQRIWKHPLVRULHQWDWLRQVLQWKH
ILOP+RZHYHUWKH(%6'GDWDIURPZKLFKWKHPDSVRI)LJZHUHGHULYHGWRRNRIRUGHUWKUHHKRXUVWR
DFTXLUH  7KH (%6' GDWD DFTXLVLWLRQ ZDV WKHQ IROORZHG E\ IXUWKHU GDWD DQDO\VLV ZKLFK LV DOVR
WLPHFRQVXPLQJ,QVSLWHRIWKLVERWKWHFKQLTXHVVKDUHWKHDGYDQWDJHVRIEHLQJQRQGHVWUXFWLYHDQGFDQ
EHXVHGWRLQWHUURJDWHODUJHDUHDVRIDVDPSOH

3.4.  The use of ECCI and EBSD to investigate sub-grains in an as-sintered WC-Co hard metal sample 
)LJXUHVDWRFVKRZDQ(&&,PLFURJUDSKD*52'PDSDQGD*52'D[LVPDSIURP:&JUDLQVRI
DQDVVLQWHUHG:&&RKDUGPHWDOVDPSOH 7KHVDPSOHZDVILUVWPHFKDQLFDOO\SROLVKHGWRDQRSWLFDO
ILQLVKXVLQJVWDQGDUGPHWDOORJUDSKLFWHFKQLTXHVILQLVKLQJZLWKDFROORLGDOVLOLFDSROLVKZKLFKOHDYHV
DPLUURUILQLVKDQGQRYLVLEOHVFUDWFKHVRQWKHVXUIDFH,WZDVDOVRIXUWKHUSROLVKHGLQD+LWDFKL,0
DUJRQLRQEHDPSROLVKLQJV\VWHPWRUHPRYHDQ\ILQHVFUDWFKHVGXHWRWKHPHFKDQLFDOSROLVKLQJ7KLV
FUHDWHGDSROLVKHGVXUIDFHUHDG\IRUH[DPLQDWLRQLQWKH6(0:KLOHSURGXFLQJDVFUDWFKIUHHVXUIDFH
LRQEHDPSROLVKLQJLQGXFHVVKDOORZRIWKHRUGHURIQPGLPSOHVLQWKH:&JUDLQVGHVSLWHURWDWLRQ
XQGHUWKHLRQEHDPWRHYHQRXWYDULDWLRQLQPLOOLQJUDWHZLWKJUDLQRULHQWDWLRQWKHVHGLPSOHVQHHGWREH
WDNHQLQWRDFFRXQWZKHQDQDO\VLQJWKHDFTXLUHGGDWD

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

)LJXUH   (&&, DQG (%6' PDSV IURP :& JUDLQV RI DQ DVVLQWHUHG :&&R KDUG PHWDO  D (&&,
PLFURJUDSKDFTXLUHGDWNH9E*52'PDSDQGFD*52'D[LVPDS7KH*52'DQG*52'D[LV
PDSVZHUHGHULYHGIURP(%6'GDWDDFTXLUHGDWNH91RWHLQWKLVFDVHWKH(&&,PLFURJUDSKDQG
(%6' PDSV ZHUH DFTXLUHG IURP WKH VDPH DUHD RI WKH VDPSOH 5HSULQWHG LQ SDUW IURP >@ ZLWK
SHUPLVVLRQIURP(OVHYLHU 
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)RUWKH*52'D[LVPDSHDFKSL[HOKDVDYDOXHGHQRWLQJWKHURWDWLRQD[LVZLWKUHVSHFWWRWKHPHDQ
D[LVIRUWKDWJUDLQDVGHILQHGE\WKHFRORXUNH\WRWKHULJKWRIWKHLPDJH7KH(&&,PLFURJUDSKDQG
(%6' PDSV UHYHDO VXEJUDLQV ZLWKLQ QRPLQDOO\ VLQJOH FU\VWDO :& JUDLQV LQGLFDWLQJ KRZ WKH ODUJH
JUDLQVPD\KDYHHYROYHGGXULQJWKHVLQWHULQJSURFHVV(&&,DOVRUHYHDOVGLVORFDWLRQVZLWKLQWKH:&
JUDLQV >@  ,Q WKLV FDVH WKH (%6' GHULYHG PDSV DJDLQ SURYLGH TXDQWLILFDWLRQ RI WKH VXEJUDLQ
PLVRULHQWDWLRQVWKH*52'D[LVPDSUHYHDOVWKHPLVRULHQWDWLRQVDUHDURXQGPRUHWKDQRQHD[LV7KH
FRORXUNH\LQGLFDWHVWKHGLUHFWLRQRIWKHPLVRULHQWDWLRQD[HVLQUHDOVSDFHDERYHXSSHUKHPLVSKHUHRU
EHORZORZHUKHPLVSKHUHWKHVDPSOH 7KHEODFNGRWVLQGLFDWHWKHVHGLUHFWLRQVIRUHDFKSRLQWLQWKH
PDS

6XPPDU\
7R VXPPDULVH ZH KDYH VKRZQ WKDW (&&, DOORZV GLUHFW IDVW LPDJLQJ RI GLVORFDWLRQV DQG VXEJUDLQ
ERXQGDULHV ZKLOH (%6' SURYLGHV TXDQWLWDWLYH LQIRUPDWLRQ RQ WKH PDJQLWXGH DQG GLUHFWLRQ RI
PLVRULHQWDWLRQVLQWKHVDPSOH%RWKWHFKQLTXHVVKDUHWKHDGYDQWDJHVRIEHLQJQRQGHVWUXFWLYHDQGFDQ
EHXVHGWRLQWHUURJDWHDQGSURYLGHYDOXDEOHFRPSOHPHQWDU\LQIRUPDWLRQRQGHIHFWVDQGFU\VWDOORJUDSKLF
SURSHUWLHVIURPODUJHDUHDVRIDVDPSOH

$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH ILQDQFLDO VXSSRUW RI WKH (365& 8. YLD *UDQW 1R
(30 ³0DQXIDFWXULQJ QDQRHQJLQHHUHG ,,,QLWULGHV´ DQG *UDQW 1R (33
³4XDQWLWDWLYHQRQGHVWUXFWLYHQDQRVFDOHFKDUDFWHULVDWLRQRIDGYDQFHGPDWHULDOV´'DWDDVVRFLDWHGZLWK
WKLV UHVHDUFK DUH DYDLODEOH DW KWWSVGRLRUJEDIEHED >@
DQGKWWSVGRLRUJFDDFDDFGFH>@RUIURPWKHFRUUHVSRQGLQJ
DXWKRU

5HIHUHQFHV
>@ +ROW'%DQG-R\'&(GVSEM microcharacterization of semiconductors&DPEULGJH
8.$FDGHPLF3UHVV
>@ *ROGVWHLQ-1HZEXU\'-R\'/\PDQ&(FKOLQ3/LIVKLQ(6DZ\HU/DQG0LFKDHO-
Scanning electron microscopy and X-ray microanalysis%RVWRQ0$6SULQJHU
>@ 5HLPHU/Scanning electron microscopy: Physics of image formation and microanalysis
%HUOLQ+HLGHOEHUJ*HUPDQ\6SULQJHU
>@ =KRX : DQG :DQJ = /    Scanning microscopy for nanotechnology: techniques and 
applications%RVWRQ0$6SULQJHU6FLHQFH	%XVLQHVV0HGLD
>@ :LONLQVRQ$-DQG+LUVFK3%(OHFWURQGLIIUDFWLRQEDVHGWHFKQLTXHVLQVFDQQLQJHOHFWURQ
PLFURVFRS\RIEXONPDWHULDOVMicron
>@ 7UDJHU&RZDQ&6ZHHQH\)7ULPE\3:'D\$3*KROLQLD$6FKPLGW1+3DUEURRN3-
:LONLQVRQ$-DQG:DWVRQ,0(OHFWURQEDFNVFDWWHUGLIIUDFWLRQDQGHOHFWURQFKDQQHOLQJ
FRQWUDVWLPDJLQJRIWLOWDQGGLVORFDWLRQVLQQLWULGHWKLQILOPVPhys. Rev. B.
>@ &ULPS0$6LPNLQ%$DQG1J%&  'HPRQVWUDWLRQRI WKHJāE[X HGJHGLVORFDWLRQ
LQYLVLELOLW\FULWHULRQIRUHOHFWURQFKDQQHOOLQJFRQWUDVWLPDJLQJPhilos. Mag. Lett.
>@ 3LFDUG<.DPDODGDVD5'H*UDHI01XKIHU10HUVKRQ:2ZHQV76HGODFHN/DQG/RSRXU)
)XWXUHSURVSHFWVIRUGHIHFWDQGVWUDLQDQDO\VLVLQWKH6(0YLDHOHFWURQFKDQQHOLQJMicros. 
Today
>@ 1DUHVK.XPDU * +RXUDKLQH % (GZDUGV 3 5 'D\ $ 3 :LQNHOPDQQ $ :LONLQVRQ $ -
3DUEURRN3-(QJODQG*DQG7UDJHU&RZDQ&5DSLGQRQGHVWUXFWLYHDQDO\VLVRIWKUHDGLQJ
GLVORFDWLRQVLQZXUW]LWHPDWHULDOVXVLQJWKHVFDQQLQJHOHFWURQPLFURVFRSHPhys. Rev .Lett.

>@ =DHIIHUHU 6 DQG (OKDPL 1 1    7KHRU\ DQG DSSOLFDWLRQ RI HOHFWURQ FKDQQHOOLQJ FRQWUDVW
LPDJLQJXQGHUFRQWUROOHGGLIIUDFWLRQFRQGLWLRQVActa Mater.
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>@ 'HLW]-,&DUQHYDOH6'5LQJHO6$0F&RPE':DQG*UDVVPDQ7-(OHFWURQFKDQQHOLQJ
FRQWUDVWLPDJLQJIRUUDSLG,,,9KHWHURHSLWD[LDOFKDUDFWHUL]DWLRQJ. Vis. Exp.H
>@ 1DUHVK.XPDU*7KRPVRQ'1RXI$OOHKLDQL0%UXFNEDXHU -(GZDUGV35+RXUDKLQH%
0DUWLQ5:DQG7UDJHU&RZDQ&(OHFWURQFKDQQHOOLQJFRQWUDVWLPDJLQJIRU,,,QLWULGHWKLQ
ILOPVWUXFWXUHVMater. Sci. Semicond. Process.
>@ /
+{WH * /DIRQG & 6WH\HU 3 'HVFKDQHO 6 'RXLOODUG 7 /DQJORLV & DQG &D]RWWHV 6  
5RWDWLRQDOHOHFWURQ FKDQQHOLQJ FRQWUDVW LPDJLQJ DQDO\VLV RI GLVORFDWLRQ VWUXFWXUH LQ IDWLJXHG
FRSSHUVLQJOHFU\VWDOScripta Materialia
>@ %URGXVFK1'HPHUV+DQG*DXYLQ5(OHFWURQGLIIUDFWLRQWHFKQLTXHVLQWKH6(0LQField 
emission scanning electron microscopy  6LQJDSRUH 6SULQJHU  6SULQJHU %ULHIV LQ $SSOLHG
6FLHQFHVDQG7HFKQRORJ\
>@ 6FKZDUW]$-.XPDU0$GDPV%/DQG)LHOG'3Electron backscatter diffraction in 
materials science%HUOLQ*HUPDQ\6SULQJHU
>@ :LONLQVRQ$-DQG%ULWWRQ7%6WUDLQVSODQHVDQG(%6'LQPDWHULDOVVFLHQFHMater. 
Today
>@ :ULJKW 6 , 1RZHOO 0 0 DQG )LHOG ' 3    $ UHYLHZ RI VWUDLQ DQDO\VLV XVLQJ HOHFWURQ
EDFNVFDWWHUGLIIUDFWLRQMicrosc. Microanal.
>@ :ULJKW6,1RZHOO00GH.ORH5&DPXV3DQG5DPSWRQ7(OHFWURQLPDJLQJZLWKDQ
(%6'GHWHFWRUUltramicroscopy
>@ 0RXVVD&%HUQDFNL0%HVQDUG5DQG%R]]ROR16WDWLVWLFDODQDO\VLVRIGLVORFDWLRQVDQG
GLVORFDWLRQERXQGDULHVIURP(%6'GDWDUltramicroscopy
>@ %URGXVFK1'HPHUV+DQG*DXYLQ5,PDJLQJZLWKDFRPPHUFLDOHOHFWURQEDFNVFDWWHU
GLIIUDFWLRQ(%6'FDPHUDLQDVFDQQLQJHOHFWURQPLFURVFRSH$UHYLHZJ. Imaging
>@ 1DUHVK.XPDU*0DXGHU&:DQJ.5.UDHXVHO6%UXFNEDXHU-(GZDUGV35+RXUDKLQH%
.DOLVFK + 9HVFDQ $ *LHVHQ & DQG +HXNHQ 0    (OHFWURQ FKDQQHOLQJ FRQWUDVW LPDJLQJ
VWXGLHVRIQRQSRODUQLWULGHVXVLQJDVFDQQLQJHOHFWURQPLFURVFRSHAppl. Phys. Lett.
>@ &DUQHYDOH6''HLW]-,&DUOLQ-$3LFDUG<1'H*UDHI05LQJHO6$DQG*UDVVPDQ7-
5DSLGPLVILWGLVORFDWLRQFKDUDFWHUL]DWLRQLQKHWHURHSLWD[LDO,,,96LWKLQILOPVE\HOHFWURQ
FKDQQHOLQJFRQWUDVWLPDJLQJAppl. Phys. Lett.
>@ +LWH-.0DVWUR0$DQG(GG\-U&5$SSURDFKIRUGLVORFDWLRQIUHH*D1HSLWD[\J. Cryst. 
Growth
>@ 6FKXO]H$6WUDNRV/9\VWDYHO7/RR53DFFR$&ROODHUW19DQGHUYRVW:DQG&D\PD[0
1RQGHVWUXFWLYHFKDUDFWHUL]DWLRQRIH[WHQGHGFU\VWDOOLQHGHIHFWVLQFRQILQHGVHPLFRQGXFWRU
GHYLFHVWUXFWXUHVNanoscale
>@ &DOODKDQ3*+DLGHW%%-XQJ'6HZDUG**DQG0XNKHUMHH.'LUHFWREVHUYDWLRQRI
UHFRPELQDWLRQHQKDQFHGGLVORFDWLRQJOLGHLQKHWHURHSLWD[LDO*D$VRQVLOLFRQPhys. Rev. Mater.

>@ <DXQJ.1.LUQVWRHWWHU6)DXFKHU-*HUJHU$/RFKWHIHOG$%DUQHWW$DQG0LQMRR//
7KUHDGLQJ GLVORFDWLRQ GHQVLW\ FKDUDFWHUL]DWLRQ LQ ,,,±9 SKRWRYROWDLF PDWHULDOV E\ HOHFWURQ
FKDQQHOLQJFRQWUDVWLPDJLQJJ. Cryst. Growth
>@ .DEROL6DQG%XUQOH\3&'LUHFWREVHUYDWLRQVRIFU\VWDOGHIHFWVLQSRO\FU\VWDOOLQHGLDPRQG
Mater. Characterization
>@ 0L\DMLPD1/L<$EH\NRRQ6DQG+HLGHOEDFK)(OHFWURQFKDQQHOOLQJFRQWUDVWLPDJLQJ
RI LQGLYLGXDO GLVORFDWLRQV LQ JHRORJLFDO PDWHULDOV XVLQJ D ILHOGHPLVVLRQ VFDQQLQJ HOHFWURQ
PLFURVFRSHHTXLSSHGZLWKDQ(%6'V\VWHPEur. J. Mineral.
>@ +DQ + +DQWVFKHO 7 6WUDNRV / 9\VWDYHO 7 %DU\VKQLNRYD 0 0ROV < .XQHUW % /DQJHU 5
9DQGHUYRUVW:DQG&D\PD[0$SSOLFDWLRQRIHOHFWURQFKDQQHOLQJFRQWUDVWLPDJLQJWR'
VHPLFRQGXFWRUVWUXFWXUHVWKURXJKSURSHUGHWHFWRUFRQILJXUDWLRQVUltramicroscopy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>@ -R\'&1HZEXU\'(DQG'DYLGVRQ'/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HOHFWURQPLFURVFRSHJ. Appl. Phys.5
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>@ 1DUHVK.XPDU * 7UDJHU&RZDQ & DQG 0LQJDUG . 3    (OHFWURQ FKDQQHOOLQJ FRQWUDVW
LPDJLQJLQDORZYROWDJHVFDQQLQJHOHFWURQPLFURVFRSHMicrosc. Microanal.
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/RQGRQ8.,(7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GHWHFWLRQRIHOHFWURQEDFNVFDWWHUGLIIUDFWLRQSDWWHUQVPhys. Rev. Lett.
>@ 9HVSXFFL 6 :LQNHOPDQQ $ 1DUHVK.XPDU * 0LQJDUG . 3 0DQHXVNL ' (GZDUGV 3 5
'D\$32
6KHD9DQG7UDJHU&RZDQ&'LJLWDOGLUHFWHOHFWURQLPDJLQJRIHQHUJ\ILOWHUHG
HOHFWURQEDFNVFDWWHUGLIIUDFWLRQSDWWHUQVPhys. Rev. B
>@ :LONLQVRQ$-0HDGHQ*DQG'LQJOH\'-+LJKUHVROXWLRQHODVWLFVWUDLQPHDVXUHPHQW
IURPHOHFWURQEDFNVFDWWHUGLIIUDFWLRQSDWWHUQV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
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
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